Background/Aims: Risk factor studies for acute kidney injury (AKI) in China are lacking, especially those regarding non-traditional risk factors, such as laboratory indicators. Methods: All adult patients admitted to 38 tertiary and 22 secondary hospitals in China in any one month between July and December 2014 were surveyed. AKI patients were screened according to the Kidney Disease: Improving Global Outcomes' definition of AKI.
Introduction
Acute kidney injury (AKI) is a common critical disorder in hospitalized patients that carries a high risk of mortality. A meta-analysis in 2015 involving more than 700 studies revealed an AKI morbidity rate for hospitalized patients of 21%, and a 21% mortality rate among AKI patients; furthermore, it indicated that the prognosis of AKI had not significantly improved [1] . The risk of developing chronic kidney disease (CKD) among AKI patients was 8.8 times higher than the risk among non-AKI patients; similarly, the risk of progression to end-stage renal disease (ESRD) was 3.1 times higher, and the risk of mortality was 2 times higher [2] . The pathogenic mechanism of AKI remains unclear at present. Because the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines do not recommend any drug for the prevention and treatment of AKI [3] , therapy still relies on long-standing symptomatic and supportive treatment. However, AKI is to some extent preventable, controllable, and even reversible with timely intervention. Therefore, it is particularly important to identify risk factors that predispose individuals to develop AKI and that predict mortality in those with AKI. However, existing risk factors mainly focus on specific susceptibilities and certain demographic characteristics, comorbidities, and treatments, and they ignore non-traditional risk factors, especially laboratory indicators.
In this study, we combined data from 38 tertiary hospitals and 22 secondary hospitals in China to conduct a large-scale, multidisciplinary, cooperative AKI study of adult hospitalized patients. This study covered 21 of 31 provinces, autonomous regions, and direct-controlled municipalities in China and 79% of the Chinese population. The purpose was to explore risk factors that affect the development of AKI and mortality in AKI patients.
Materials and Methods

Study Design and Population
We selected 38 representative tertiary hospitals and 22 secondary hospitals in 21 provinces, autonomous regions, and direct-controlled municipalities in mainland China to conduct a nationwide, multicenter, cross-sectional study based on the sampling method. All patients ≥ 18 years old who were hospitalized in any one month between July 1 st and December 31 st of 2014 were included. Through case analysis, AKI patients who were hospitalized for > 24 h and diagnosed and treated for the first time were screened according to the AKI clinical practice guidelines released by KDIGO in 2012. Patients undergoing maintenance hemodialysis (including peritoneal dialysis) and those with CKD stage 5 without dialysis, kidney organ transplantation, and nephrectomy were excluded. This study was approved by the Ethics Committee of People's Liberation Army (PLA) General Hospital and other participating institutions in China.
Data Sources
Information for the hospitalized patients, including gender, age, underlying disease, survival status at discharge, and length of hospital stay, was collected. Demographic data, underlying and concomitant disease, laboratory indicators within 24 h of AKI diagnosis, injury factors for AKI development, use of suspected nephrotoxic drugs, AKI etiology and renal replacement therapy (RRT) parameters were retrieved from the AKI on-line electronic medical record registration system (http://pd.cnrds.net:6780/aki/user. do?action=firstpage). AKI was defined as an increase in creatinine of more than 26.5 μmol/l (0.3 mg/dl) within 48 h or a confirmed/speculated increase in creatinine of 1.5-fold over baseline within 7 d. The AKI stage was determined by the highest creatinine level after AKI development [3] . Underlying and concomitant diseases were determined by the ICD-10 codes assigned at discharge. CKD was determined based on the diagnostic coding, history of renal injury more than 3 months prior to admission, or an estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m 2 (calculated based on the Modification of Diet in Renal Disease (MDRD) formula) for more than 3 months [4] . Injury factors and causes were confirmed by two trained senior physicians in the Department of Nephrology and were based on patient records. An AKI case was considered drug-related if it met one of the following criteria: the diagnosis obtained from renal biopsy was drug-related AKI or the patient received nephrotoxic drugs more than 3 days before the creatinine change and no other apparent causes were discovered [5] . For patients who had received more than one type of RRT, as long as continuous RRT (CRRT) was included, then CRRT was considered as the predominant mode in the study [6] . Sustained low-efficiency dialysis (SLED) was determined by the use of extended duration RRT (6-18 h), in which conventional hemodialysis machines with reduced dialysate and blood flow rates were used [7] . The dialysate and blood flow rates were all 100-300 mL/min.
Statistical Analysis SPSS 22.0 software was used for the statistical analysis (SPSS, Inc., Chicago, IL, USA). Variables are expressed as the mean ± SD, median (Qu, Q L ), or n (%), as appropriate. Comparisons between two groups were performed using the t test, Mann-Whitney U test, or Pearson χ 2 test, as appropriate. Univariate logistic regression analysis was performed for all factors that could cause AKI, including demographic data, and underlying disease. Additionally, a collinearity diagnosis was performed. The variables that satisfied statistical significance (P < 0.05) in univariate logistic regression analysis and showed no collinearity with others were used for the multivariate logistic regression analysis. Univariate Cox regression analysis was performed on all factors that could affect the mortality of AKI patients, including demographic data, AKI stage, underlying disease, concomitant disease, injury factors, heart rate, mean arterial pressure (MAP), laboratory indicators, Acute Physiologic Assessment and Chronic Health Evaluation II (APACHE II) score, Sequential Organ Failure Assessment (SOFA) score, and RRT. The same method was used to perform multivariate Cox regression analysis. To reconfirm the laboratory indicators that constituted risk factors, a propensity score was performed between the survivors and non-survivors among AKI patients using 1:1
Results
The 191, 035 hospitalized patients had a mean age of 53.1 ± 17.0 years. The male-tofemale ratio was 1.0: 1.0. Among these patients, 1845 were diagnosed with AKI, and the morbidity rate was 0.97%. The mean age of the AKI patients was higher than that of the non-AKI patients (60.5 ± 17.4 vs. 53.1 ± 17.0, P < 0.001), and the AKI patients included a higher percentage of males (68% vs. 49.9%, P < 0.001). Table 1 shows the risk factors related to AKI development. The univariate regression analysis revealed that advancing age, male gender, and the presence of hypertension, diabetes, cardiovascular disease, chronic obstructive pulmonary disease (COPD) and CKD were risk factors for AKI development. The independent risk factors associated with AKI 10 533 (5.6%) 10720 (5.6%) < 0.001* Variables were expressed with mean ± SD, median (QU, QL) or n (%). AKI, acute kidney injury; COPD, Chronic Obstructive Pulmonary Disease; CKD, Chronic Kidney Disease *P < 0.05. development are presented in Table 2 . The multivariate logistic regression analysis revealed advancing age, male gender, hypertension and CKD as risk factors for AKI development. (Table 3) Among the 1845 AKI patients, the male-to-female ratio was 2.12: 1.00. Of these AKI patients, 1148 (62.2%), 372 (20.2%), 325 (17.6%) were Stage I, stage II, and stage III, respectively. The top three diseases underlying AKI were hypertension (41.8%), coronary heart disease (19.6%), and diabetes (17.8%). Infection (46.6%) was the most common risk factor, followed by drug use (35.9%). The mean hemoglobin level of the patients who were diagnosed with AKI within 24 h was 11.5 ± 2.9 g/dl, which was lower than that of healthy individuals. The albumin (3.3 ± 0.8 g/dl) level was also slightly lower. In terms of disease severity, the APACHE II score was 11 (7, 16) , and the SOFA score was 5 (2, 9). Of the AKI patients, 73 (4.0%) had multiple organ dysfunction syndrome (MODS), and 82 (4.4%) had sepsis. Most of the cases were due to pre-renal etiology, followed by renal etiology; post-renal etiology accounted for less than 10% of the cases. There were 257 cases of drug-related AKI (Table 4) , comprising 13.9% of the AKI patients. Antibiotics-induced AKI accounted for almost half of the cases (48.2%, 124 cases). One hundred forty-nine (8.1%) insufficient cardiac systolic function with various causes, a reduction of systemic blood pressure (≤ 90 mmHg), and concomitant tissue hypoxia syndrome [37] . Massive blood transfusion: transfusion of more than 10 units of red blood cells within a short time frame (within 72 h) [37] . Post -CPR: patients lose autonomic circulation and pulse due to cardiopulmonary respiratory and circulatory system collapse; therefore, the patients require CPR, defibrillation, or adrenaline to save their lives and survive for more than 24 h [37] . Rhabdomyolysis: serum creatine kinase > 5000 U/L or plasma myoglobin > 5000 μg/L [37] . *P < 0.05. 
Risk Factors for AKI Development
Epidemiological Characteristics of AKI Patients
Mortality and Risk Factors in AKI Patients
Regarding mortality, 305 AKI patients died during hospitalization; the total mortality rate was 16.5%, which was higher than that of non-AKI patients (0.6%, P < 0.001). The AKI patients had a longer hospitalization time (13 (7, 21) days vs. 8 (5, 13) days, P < 0.001) than the non-AKI hospitalized patients. Table 3 shows the epidemiological and clinical characteristics of the survivors and non-survivors among the AKI patients. The surviving patients were younger than those who died (59.8 ± 17.3 vs. 64.5 ± 17.7 years, P < 0.001). Of the non-survivors with AKI, 25.2% were at stage III, which was a higher proportion than that of the survivors (16.1%). Except for hemoglobin, serum phosphorus, and serum sodium, all laboratory indicators differed significantly between these two groups. Serum uric acid (SUA) was used as a continuous variable in the Cox regression analysis. The APACHE II and SOFA scores of the non-survivors were higher than those of the survivors. The mortality rate of the patients who received RRT due to critical illness was significantly higher than that of the patients who did not. Among the AKI patients who received RRT, those who underwent CRRT had a higher mortality rate than those who underwent IHD, SLED, and other modalities. The mortality rates were 30.8%, 12.8%, 13.3% and 27.3%, respectively. According to the univariate Cox regression analysis, the risk factors affecting the mortality of AKI patients included tumor, respiratory failure, COPD, MODS, sepsis, low cardiac output, disseminated intravascular coagulation (DIC), and post-resuscitation status. The multivariate Cox regression analysis showed that the independent factors affecting AKI patient mortality ( 
Risk Factor for Mortality among Laboratory Indicators: Serum Uric Acid
Among the laboratory indicators, SUA was the only independent predictor of mortality in the AKI patients. Figure 1 shows the different percentages of SUA among the survivors and non-survivors. The non-survivor group of AKI patients had a greater proportion of patients with a higher SUA level.
Furthermore, we transformed the SUA level into a categorical variable according to percentile, as follows: ≤ 25th percentile (SUA ≤ 5.2 mg/dl), 26th-50th percentile (5.2 < SUA ≤ 6.8 mg/dl), 50th -75th percentile (6.8 < SUA ≤ 9.1 mg/dl), > 75th percentile (SUA > 9.1 mg/dl). Table 6 shows the mortality for the different SUA groups. A Cox regression analysis was also conducted (Figure 2 , Table 7 ); using SUA ≤ 5.2 mg/dl as the reference group, the HR for SUA > 9.1 mg/dl was 1.78 (95%CI 1.23-2.58), that of 6.8 < SUA ≤ 9.1mg/dl was 1.40 (95% CI 0.96-2.03) and that of 5.2 < SUA ≤ 6.8 mg/dl was 1.11 (95% CI 0.76-1.61).
After the propensity score analysis, a total of 294 pairs of AKI patients with different survival conditions were included in the matched group set. There were no differences in demographic data, medical history, baseline renal function, and disease severity in the set. SUA > 9.1 mg/dl (HR1.73, 95%CI 1.24-2.42) was still an independent risk factor for mortality in the multivariate Cox analysis for the matched sample set.
Discussion
AKI itself is not a single disease, rather, it is a clinical syndrome with complex Fig. 1 . Distribution of the proportions of serum uric acid concentrations in survivors and non-survivors.
Fig. 2.
Adjusted hazard ratio for mortality in all AKI patients with different serum uric acid levels. Adjusted for age, AKI stage, underlying disease, concomitant disease, damage factors, heart rate, BMI, region, laboratory indicators, APACHE II score, SOFA score, and RRT. etiologies and high mortality [8] . Even a slight increase in creatinine will increase the possibility of a poor prognosis, by increasing the risk of mortality, progression to CKD or ESRD, or a cardiovascular event [9, 10] . However, AKI is preventable and can even be reversed in early stages [1] . Indeed, if AKI is discovered and treated early and risk factors are removed as soon as possible, the progression of the disorder can be reduced, and patients' prognosis can be improved [1] . Therefore, it is very important to fully understand the risk factors and clinical characteristics of AKI's development and progression. However, non-traditional risk factors, especially laboratory indicators, tend to be neglected [11] . Accordingly, we designed a nationwide, multicenter study of AKI and selected representative hospitals, including some secondary hospitals in mainland China. Cases were collected according to the definition and diagnostic standards of the AKI clinical practice guidelines released in March 2012 to explore the risk factors, particularly laboratory indicators, that contribute to the development of AKI and a poor prognosis.
The AKI morbidity rate in this study was 0.97%, which was consistent with previous reports in China [12] but significantly lower than the reported 21% for developed countries [1] . The main reason for this difference may be that AKI lacks specific symptoms, and its diagnosis is primarily based on changes in creatinine level. The lack of awareness of AKI in China result in a low frequency of serum creatinine measurements. The repeated creatinine assay rate in China ranges from 24.76% to 30% [12] , which is much lower than the reported rate of 63.2% in developed countries [13] . Therefore, the prevalence of AKI in China is undoubtedly underestimated. Mehta et al [1] . reported a worldwide pooled incidence of AKI of 21% in a systematic review; however, this result was strongly dependent on the sampled population. Specialized populations, such as patients in intensive-care units (ICU), were included in the systematic review. Although some reports from several regions of Africa and Asia were included, the majority were from high-income countries, where populations were heavily weighted with ICU patients with high incidence and severity levels. Because of the incomplete Medical Grading System, a fair number of hospitalized patients in China are general patients with less severe disease, compared with those in developed countries, which will also result in a lower occurrence of AKI.
Many risk factors have been reported to be associated with the incidence of AKI, including age, female gender, CKD, diabetes, heart diseases, and lung diseases [3, 12, 14] . In accordance with previous studies, we found that advancing age, hypertension, and CKD were risk factors for AKI development. A large-scale prospective cohort study by Jiang et al [15] . indicated that male gender was an independent risk factor for cardiac surgery-related AKI, and a nationwide retrospective cohort study performed by Xue et al [16] . obtained the same conclusion. However, some large-scale observational studies on cardiac surgery [17] , contrast agents [18] , and aminoglycoside-related AKI [19] confirmed that female gender was an independent risk factor for hospital-acquired AKI. Our study revealed that men had a greater risk of developing AKI than women, which was the same result as the former study. This issue remains controversial and requires further investigation. The mortality rate of the AKI patients in our study was 16.5%, consistent with other studies in China [20] . Most studies have consistently reported that the risk factors associated with a poor AKI prognosis include advancing age, cardiovascular disease, AKI stage, and so on [21] . In addition to examining these basic risk factors, we also systemically and comprehensively collected the laboratory indicators of patients with AKI, and examined the APACHE II and SOFA scores of these patients to better predict the mortality risk of AKI patients. The results showed that advancing age, tumor, high APACHE II and SOFA scores and high uric acid levels increased the mortality risk of hospitalized AKI patients. The APACHE II score is mainly used in ICUs to evaluate disease severity [22] , whereas the SOFA score is used to evaluate the severity of functional failure of all organs [23] . Considering that AKI patients have high mortality, we used these two scores to evaluate all AKI patients, not only those in ICUs. The results showed that the mortality risks increased with the increase of the APACHE II or SOFA score. Similarly, two international multicenter prospective studies separated by 10 years confirmed a similar effect of the APACHE II score for predicting mortality risk [24, 25] . These results indicate that APACHE II and SOFA scores can accurately predict critical illness and mortality risk in AKI patients. The clinical value of these scores should be further examined and validated in studies with larger sample sizes.
Furthermore, we analyzed laboratory indicators and found that uric acid level was related to all-cause mortality. When analyzed as a dichotomous variable, the uric acid level and mortality risk of AKI patients displayed a J-shaped pattern. A propensity score came to the same conclusion. Considerable clinical evidence has suggested that elevated uric acid levels play an independent role in increased mortality, cardiovascular disease (CVD), and renal disease [26, 27] . The relationship between serum uric acid and mortality risk in different populations, such as CKD patients [28] , hemodialysis patients [29] , peritoneal dialysis patients [30, 31] , and the general population [32] , has been confirmed. High SUA has also been reported to be an independent predictor for AKI [33, 34] . In this study, we found that AKI patients with elevated serum uric acid concentrations had a higher inhospital mortality risk. The underlying mechanisms are discussed below, but must be explored further. Hyperuricemia results in endothelial dysfunction by inhibiting nitric oxide production [35] . Elevated SUA levels increase insulin resistance, dyslipidemia, hypertension and atherosclerosis. High SUA concentrations are significantly correlated with a decline in residual kidney function after adjusting for confounding factors [36] . Uric acid could have pro-inflammatory effects, increase oxidative stress, and damage the microcirculation [21] , thereby increasing mortality risk and explaining why a high SUA level can serve as a marker of poor prognosis. Nevertheless, as high SUA might be a symptom of AKI, it is unclear whether the poor prognosis is due to uric acid itself or to AKI. Additionally, it remains unclear whether a reduction in uric acid could improve prognosis.
Although this study involved a nationwide epidemiological survey of AKI patients and collected many risk factors for AKI and prognostic factors for mortality, there are limitations. First, we did not perform long-term follow-up on AKI patients to evaluate the risk factors that affected their long-term prognosis. We have been conducting research in this area with AKI patients. Second, accurate measurement of urine output is so difficult for ordinary patients that most studies diagnose AKI only based on creatinine standards, as we did for this study. Furthermore, this multicenter study included AKI patients in general; therefore, the risk factors for some specific causes of AKI, such as contrast-induced AKI and AKI after cardiac surgery require further exploration.
Conclusion
In summary, our study showed that the morbidity of hospitalized AKI patients in China was relatively lower than that in developed countries, though the mortality was the same. APACHE II and SOFA scores can be used to evaluate the in-hospital mortality risk of AKI patients. In addition to traditional risk factors, uric acid levels should be considered an independent predictor of all-cause mortality in AKI patients.
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